As a result of the studies of Locke, Main, and Mellon (1938), Fox, German, and Janeway (1939) , and others, and the chemical experiments of Shaffer (1939), all of whom have advocated the importance of the presence of oxygen and the formation of hydrogen peroxide as essential to the action of sulfanilamide, interest has developed as to whether sulfanilamide can exert its action on organisms in vitro under biologically anaerobic conditions.
either aerobically or anaerobically. In this case the glucose was assumed to supply a pathway of nutrition unaffected by the drug. However, when the organism was grown in a synthetic medium quite different results were obtained. E. coli grows well aerobically on the salt mixture of Quastel, Stephenson, and Whetham (1925) when one per cent lactate is added. In order to obtain anaerobic growth, however, it is necessary to add one per cent nitrate. It was found that sulfanilamide had no effect on this organism growing aerobically with or without nitrate, but that anaerobically there was marked bacteriostasis. The author explained this by assuming that sulfanilamide prevents the oxidation of lactate by nitrate and so exerts its effect. It was claimed by this worker that very rigid anaerobic conditions were attained, and that there were few molecules of oxygen present in the medium. Fox (1940) has criticized the findings of BrohKahn, claiming that reducing conditions were not established in the lactate-nitrate medium under anaerobic conditions as could he demonstrated by the fact that there was no reduction of methylene blue.
A bacteriostatic effect is by no means as clear cut as a bactericidal one, and it was therefore thought of interest, in the light of the findings of White and Parker (1938) that sulfanilamide is bactericidal at 40TC., to study the action at this temperature under anaerobic conditions.
TECHNIQUE
The technique of White and Parker was followed mainly, with the exception that tryptose broth with one-tenth per cent glucose was used as the medium. 0.4 ml. of a 1:1,000 dilution of a 5-hour culture of the organism was seeded into 9 ml. of tryptose broth and thoroughly mixed. 4.0 ml. of the mixture was placed into each of two 50 ml. Erlenmeyer flasks (this produced a very thin layer of liquid, thus allowing more rapid equilibration with the atmosphere). To one flask was added 0.2 ml. of 0.44 per cent solution oflsulfanilamide in distilled water, and to the control 0.2 ml. of sterile distilled water. The flasks were then incubated at 4000. for 48 hours, at which time subcultures were made and the viable bacterial population determined. Similar results were obtained when the cultures were incubated as tall narrow columns in tubes without shaking.
The anaerobiosis was produced in a jar in which phosphorus was ignited under sealed conditions (Varney, 1926) . At all times, unburned phosphorus was present in order to react with any residual oxygen present. This method of producing anaerobiosis has been found satisfactory for growing the strictest anaerobes. The sulfanilamide solution was made up in water, double-distilled from glass, and prepared fresh every few days. The media were heated twenty minutes in flowing steam at 1000C. before inoculation in order to destroy any peroxides present. To further aid in the establishment of reducing conditions, 30 mgm. per cent of crystalline ascorbic acid was added to both the sulfanilamide and control flasks. A streptococcus, strain C203, was adapted to grow at 40TC. and was used for all the experiments involving streptococci.
The technique with E. coli was the same. Two strains of E. coli, "P.C." and "K3B", both of which grew well on the Quastel medium, were used in these experiments. Under these conditions sulfanilamide was not found to have any demonstrable action at 3700. Suspecting that a possible explanation of this marked difference might be that at 370 the organism grew so rapidly that it overwhelmed the drug, we attempted to slow down this growth by diluting the medium with saline. No action of the drug could be demonstrated in this way. As the medium was diluted with saline till growth was less and less, there was exactly the same amount of growth in the flask containing drug as in the control, down to the point of cessation of growth. Similarly, the addition of 1:10,000
FeCl3 to the medium in the hope of "potentiating" the drug had no effect. The reason for the striking temperature difference is at present obscure.
EXPERIMENTS WITH E. COLI
The results with E. coli are in some respects the same, and in some different from those with the streptococcus. Contrary to the results of Broh-Kahn, no action of the drug on E. coli grown in nutrient extract broth could be discerned. Since the possibility existed that this might be due to the presence of a different kind of peptone, we repeated the experiment using the tryptose-phosphate-glucose broth previously used for our streptococcus, nevertheless, no action was demonstrable. With the Quastel synthetic medium, however, results entirely similar to those obtained with the streptococcus were demonstrated.' The drug was able to sterilize, or at least very markedly inhibit the growth of small inocula (less than 5,000 per ml.) of E. coli under either anaerobic or aerobic conditions. Again, our results were somewhat different from those of Broh-Kahn in that we were able to get bactericidal action in the presence of glucose as well as the lactate-nitrate medium. The results with this organism differed from those with the streptococcus in that there was marked action at 37TC., although there was no sterilization such as usually occurred at 40TC.
DISCUSSION
The question can of course be raised as to whether we have accomplished complete chemical anaerobiosis. The answer is probably, no. However, we have been able to obtain complete biological anaerobiosis in the sense usually employed in bacteriology, since this method of producing anaerobic conditions, i.e., by burning phosphorus, is quite sufficient for bacteriological purposes. The piece of phosphorus usually burns out in a matter of a few minutes thus establishing anaerobic conditions fairly rapidly. The addition of ascorbic acid was resorted to since it has been shown to be possible to grow anaerobes aerobically by the addition of this agent. The protective effect of glucose noted by Broh-Kahn and explained as offering an alternative pathway of nutrition has not been observed in our experiments. The observation of Lockwood (1938) that peptone interferes with the action of sulfanilamide has not been observed in our experiments with streptococci, since the tryptose broth contains 2 per cent peptone. The failure of the drug to act against E. coli remains unexplained, though in this case peptone may be concerned. SUMMARY 1. At 40TC., sulfanilamide in a concentration of twenty milligrams per cent, in tryptose-phosphate-glucose broth, is able to sterilize small inocula of streptococcus C203 in 48 hours either aerobically or anaerobically with or without the presence of ascorbic acid.
2. No action under these conditions was noted at 37TC., and attempts to aid the drug by slowing down the growth of the organism by diluting the medium with saline were negative.
Likewise, attempts to potentiate the drug by ferric chloride were negative.
3. Sulfanilamide had no effect on two strains of Escherichia
